Ras-dependent growth factor regulation of MEK kinase in PC12 cells.
Mitogen-activated protein kinases (MAPKs) are rapidly activated in response to stimulation of diverse receptor types. MAPKs are positively regulated by phosphorylation on threonine and tyrosine by MAP kinase or extracellular signal-regulated kinase (ERK) kinases (MEKs). MEK kinase (MEKK) is part of a family of serine-threonine protein kinases that phosphorylate and activate MEKs independently of Raf. MEKK was rapidly and persistently activated in response to stimulation of resting PC12 cells with epidermal growth factor (EGF). Nerve growth factor (NGF) and 12-O-tetradecanoylphorbol-13-acetate (TPA) also activated MEKK, although to a lesser degree than did EGF. Activation of MEKK and B-Raf in response to EGF was inhibited by expression of dominant negative N17Ras. Expression of oncogenic Ras resulted in activation of MEKK. Stimulation of synthesis of cyclic adenosine 3',5'-monophosphate abolished activation of MEKK and B-Raf by EGF, NGF, and TPA. Thus, Ras simultaneously controls the activation of members of the Raf and MEKK families of protein kinases.